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1. PURPOSE. This advisory circular (AC) sets forth acceptable methods of compliance
with the provisions of part 25 of the Federal Aviation Regulations (FAR) dealing with the
certification requirements for taxi, takeoff and landing roll design loads. Guidance
information is provided for showing compliance with § 25.491 of the FAR, relating to
structural design for airplane operation on paved runways and taxiways normally used in
commercial operations. Other methods of compliance with the requirements may be
acceptable.

2. RELATED FAR SECTIONS. The contents of this AC are considered by the Federal
Aviation Administration (FAA) in determining compliance with § 25491 of the -FAR. - -
Related sections are §§ 25.305(c) and 25.235. T

3.  BACKGROUND

a All paved runways and taxiways have an inherent degree of surface ,
unevenness, or roughness. This is the result of the normal tolerances of engineering standards
required for construction, as well as the result of events such as uneven settlement and frost
heave. In addition, repair of surfaces on an active runway or taxiway can result in temporary
ramped surfaces. Many countries have developed criteria for runway surface roughness. The
International Civil Aviation Organization (ICAO) standards are published in ICAO Annex 14.

b. In the late 1940's, as airplanes became larger, more flexible, and operated at
higher ground speeds, consideration of dynamic loads during taxi, landing rollout, and takeoff
became important in airplane design. The Civil Aeronautics Administration, in Civil Air
Regulations 4b (CAR 4b), § 4b.172, required the effects of landing gear deflection during
taxiing over the roughest ground expected in service to be considered relative to its effect on
damage to steuctural components. The CAR 4b, § 4b.235, also required the airplane be
designed, in past; to withstand loads calculated under § 4b.172. Those regulations were
carried over to part 25 of the FAR as § 25.235 and § 25.491 respectively. Substantiation of
the effect of ground loads on flexible structuge is required by § 25.305(c).
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C. Several approaches had been taken by different manufacturers in complying
with the noted regulations. If dynamic effects due to rigid body modes or airframe flexibility
during taxi were not considered critical, some manufacturers used a simplified static analysis
where a static inertia force was applied to the airplane using a load factor of 2.0 for single
axle gears or 1.7 for multiple axie gears. The lower 1.7 factor was justified based on an
assumption that there was a load alleviating effect resulting from rotation of the beam, on
which the forward and aft axles are attached, about the central pivot point on the strut. The

static load factor approach was believed to encompass any dynamic effects and it had the
benefit of a relatively simple analysis.

d. As computers became more powerful and dynamic analysis methods became
more sophisticated, it was found that dynamic effects sometimes resulted in loads greater than
those which were predicted by the static criterion. Some manufacturers performed
calculations using a series of harmonic bumps to represent a runway surface, tuning the
bumps to excite various portions of the structure 4t a given speed. U.S. Military Standard
8862 defines amplitude and wavelengths of 1-cosine bumps intended to excite low speed
plunge, pitch and wing first bending modes.

e. Some manufacturers used actual runway profile data to calculate loads. The
runway profiles of the San Francisco Runway 28R or Anchorage Runway 24, which were
known to cause high loads on airplanes and were the subject of pilot-templaints until
resurfaced, have been used in a series of bi-directional constant speed analytical runs to
determine loads. In some cases, accelerated runs have been used, starting from several points
along the runway. The profiles of those runways are described in NASA Reports CR-119
and TN D-5703. Suchdetamsﬂcdynmmcmalymhavemgewalpmvedtobe
satisfactory. _

f Some manufacturers have used a statistical power spectral density (PSD)

approach, especially to calculate fatigue loads. Extensive PSD runway roughness data exist
formxmerouswoﬂdnmways ThePSDapproachnsnotconsdaedpmchcalforcalctﬂmon

g Because the various methods described above produce different results, the
guidance information given in paragraphs 4, 5, and 6 of this AC should be used when
demonstrating; compliance with § 25.491.

P SIS SRR

a Comdumdanﬁlmeﬂmhhtyandlandmggwdynmcchanam“m
necessary in most cases. A deterministic dynamic analysis, based on the San Francisco Runway
28R (before it was resurfaced), described in Table 1 of this AC, is an acceptable method for
compliance. As an alternative means of compliance, the San Francisco Runway 28R (before it
was resurfaced) may be used with the severe bump from 1530 to 1538 feet modified per Table 2.
The modifications to the bump reflect the maximum slope change permitted in ICAO Annex 14

for temporary ramps used to transition asphalt overlays to existing pavement. Thepomts
affected by this modification are outlined in Table 1.
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b. Airplane design loads should be developed for the most critical conditions arising
from taxi, takeoff, and landing run. The airplane analysis model should include significant
airplane rigid body and flexible modes, and the appropriate landing gear and tire characteristics.
Unless the airplane has design features that would result in significant asymmetric loads, only the
symmetric cases need be investigated.

c. Airplane steady aerodynamic effects should normally be included. However, they
may be ignored if their deletion is shown to produce conservative loads. Unsteady aerodynamic
effects on dynamic response may be neglected.

d. Conditions should be run at the maximum takeoff weight and the maximum
landing weight with critical combinations of wing fuel, payload, and extremes of center of
gravity (c.g.) range. For airplanes with trimable stabilizers, the stabilizer should be set-within-the
appropriate-green-bandat the appropriate setting for takeoff cases and at the recommended final
approach setting for landing cases. The elevator should be assumed faired relative to the
stabilizer throughout the takeoff or landing run, unless other normal procedures are specified in
the flight manual.

e. A series of constant speed runs should be made in both directions from 20 knots
up to the maximum ground speeds expected in normal operation (VR defined at maximum
altitude and temperature for takeoff conditions, 1.25 V1 5 for landing conditions). Sufficiently
small speed increments should be evaluated to assure that maximum loads are achieved. Constant.
speed runs should be made because Ysing-using enly-accelerated runs is-net-reeommended- may
not define due-te-the-pessibility-that-the speed/roughness points which could produce peak
dynamic loads-eeuld-be-missed. For maximum take-off weight cases, the analysis should account
for normal takeoff flap and control settings and consider both zero and maximum thrust. For
maximum landing weight cases, the analysis should account for normal flap and spoiler positions
following landing, and steady pitching moments equivalent to those produced by braking with a
coefficient of friction of 0.3 with and without reverse thrust. The effects of automatic braking
systems that reduce braking in the presence of reverse thrust may be taken into account.

5. DISCRETE LOAD CONDITION. One of the following discrete limit load conditions
should be evaluated:

a. With all landing gears in contact with the ground, the condition of a vertical load
equal to 1.7 times the static ground reaction should be investigated under the most adverse
airplane loading distribution at maximum takeoff weight, with and without thrust from the
engines; '

b. As an alternative to paragraph 5(a) above, it would be acceptable to undertake
dynamic analyses under the same conditions sonsidered in paragraph 4 of this AC considering

the aircraft response to each of the following pairs of identical and contiguous 1-cosine
upwards bumps on an otherwise smooth runway:

@ Bump wavelengths equal to the mean longitudinal distance
between nose and main landing gears, or between the main and tail landing gears, as
appropriate; and separately.

(i) Bump wavelengths equal to twice this distance.
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The bump height in each case should be defined as:
H =12 + 00234JL

Where--

H= the bump height (inches)

L= the bump wavelength (inches)

6. COMBINED LOAD CONDITION. A condition of combined vertical, side and drag

loads should be investigated for the main landing gear. In the absence of a more rational analysis
a vertical load equal to 90% of the ground reaction from paragraph 5 above should be combined
with a drag load of 20% of the vertical load and a side load of 20% of the vertical load. Side

loads acting either direction should be considered.

7. TIRE CONDITIONS. The calculation of maximum gear loads in accordance with
paragraphs 4, 5, and 6, may be performed using fully inflated tires. For muitiple wheel units, the
maximum gear loads should be distributed between the wheels in accordance with the criteria of §
25.511. :

)




S804
4801
S801
9901
€901
L0l
L0}
1ot
4901
800!
L9041
as0t
S50l
50
€501
50t
7501
S50
LS01
8504
LS04
9501
S0l
IS0l
0501
rol
L4
ecol
¥E0!

‘A3

coSr
00'0er
Qoviv
00’98
oo'zee
00'%ee
00'0se
oovee
Qo'8le
00'ZoE
0098
ooz
0ovsT
00'8ez
ooz
00’90z
0008t
oorLL
oo'est
ooorl
00’9z}
0001}

aoye

oo'eL

oo'or

ooce

aoi

I1a

seol
9901
980l
Se'0l
2901
SL0
ool
aLot
1004
800}
880l
8501
S0l
€S0t
€0l
501
€S0}
S50l
1901
8s0!
4S0)
S50

0501
050
ol
ool
0
>4

‘A3

000
o0ty
oo'sy
o014 4
oco'see
00'08€
00¥eE
ooere
0oZee
ooeie
00'00E

an'eeT
00T
00'9€ez
00022
00P0Z
oo'e8l
oozt
00'est
ooori
oovZi
00801
00'Z8
00SL
0000
v 0] 1
oo'ee
ooTi

10

€801
Se0l
1901
9801
1801
SLOY
Lol
G0}
1901
4901
890}
4501
501
€s01
S0l
€S0l
¥S0l
S50
9504
9501
501
SS01
€501
osol
0501
w0l
€0l
LE01
0

e 2] - 4
oo
sy
000y
oaovee
ooale
00'79e

00'0ee
oovie
00'98T
00'zee

000sT
ooveT
0081z
0o0'20T
0098t
ool
aorst
o o] N
ozl
00804
0008
0ovL
00'9S
o>
(1014
000t

ia

¥ST AVMNNE OJSIONVEA NVS

201
14 4]
L1908
9901
1904
¥L0}
ool
00}
90!
190t
S|Pt

SOt
€S0}
50t
0
S0l
S50
501
9501
1501
»SOI
€S0t
4+ J]
0504
- 43
ol
Leol
1€0}

‘A3

oory

(11] ¢ 4
ooZee
coae
Qo

oo'e
0ocie
Qoo
(0] -4
00YeT
o

00912
oo'o0z
el
el
(s 12214
Qo'eE}
oo'aTt
00v0l
oo'ee
oz
Qo'es
Qoor
(10] (4
ooe

™

0801
€90
4904
9801
080l
o)
101
-]
N1
904
€90}
S0l
S0
€50t
1908
50
950!
S0
S50
950}
1901
N0
501
- 4]
090t
wol
ol
1801
0c0l

Iim

ey
00’9y
ooy
0090y
0o'ose
00} 01>
00'ese
oo

0oole
o0Yee

00'Zee
ooz
00'0eZ
00} 4 ¥
00’981
oozel
o 0}- - 1)
000Si
0 1] o)
(e o] 11
¢ e ko))
0098
ool
00y
00'ee
00124
(011}

.ia

Lo ]
€901
1901
w%0l
&Ll
€08
Lo}
001
904
901
D01
SS0
SO
€50}
7501
501
8501
9501
SS0l
9501
480}
S50
501
(- 4]
&0l
Led L
»0olL
Lol
oL

‘A3

2801
ool
4901
Se0L
L0}
Lo
Lo
%0
N0
801
1901
¥SO1
»S01
€S0l
501
801
9301
1501
9501
iS0}
4SO}
901
501
. 412
o0l
ol
w0l
SE0l
€0l

tiu

o0y

oo'ely
(o050 4
00Bee
oo'ale
ootee
o0 f >~
ooz
00'90e
oo
0oriT
0oesZ
o™

o 0] 24
008l
ooeLt
il

oooet
ooyl

190t
»80I
980!

40l
Lol
1101
9901
S901
9904
(v -10]}
0l
ol
>4¢]4
11-10]3
2901
9504
1901
9504
8504
1801
K0t
1SOt
o504
@0}
ol
ool
(- 4]}
oeol

-iu

(ISIM MO aQVI®) LTLA NI SINIOZ NOLLYATTE AVANNY
"ATTNEE ATV 40 ‘N ‘961 A TN ‘(SLEOISNVEL JINOSHAANS
40 HSNOJSTY OINVNAQ THL NO SSANNAATINN AVMNY 40 SLIA4A) VSVN OL LYOdHY ‘HINN0S SONAAIR

I T19VL

6t :

LA

‘SNOLLVAATd

T ONIOVAS INIOd
20 YFENNN
L84 088¢ ‘HLONAT
MOVUL ANO

’a' A



- A1
Wit
el
4
14 1)
1811
il
el
il
i
o't
(11
Lidl
T
SOl
il
W0
10't1
2088
il
0t
POt
011

- L0b

ao'tl
SOl
e80!
0044
2t
ool
801
D
SOkl
il
14313
.11}
6i'hi
e
L8
(S 31
904l
0t
044
1801
0t
980l

‘A3

008l 4
008t
000t}
000Si
(e 0) 18
Qo8
Q001 4
009804
00'0LO4
00'+S04
00'8e0!
0ozl
00’800}

00088

0ovL8

00’958

e

ooow
00ves
(s 0371 ]
a07Tee
aoere
00'0e8
oorie
ooeal
oo'zeL
00'9RL
0008
aoveL
oo'eiL
oo
00960
Q00Lo
00¥s8
00'8e8
0029
00908
00'08s
00'PLS
00'ees
ocooys
00'eTs
000IS
s 0], 4
oo'8Ly

o'l
Wit
i’
4 1]
w®
T
4
1> >8]
AL
zZh
Si'ii
[ 4913
oL’
i
Wi
oLt
W
011
1
. 411
1> a1
il
01
Uit
801t
i
e80!
o't
o g 1
o801
a0l
Ot
el
- i1

it

T
8i'te
i
Lyl
rA N
Wil
et
oo'ii
950!
04}
160}

(00} 117
00’08t 4
00t9ll
oot
oozels
009t
0000l 4
00¥801
00'8001
00Ts04
00'8e0}
0000}
00¥004
00988
ooues
00'9S6
00'0r8
00
00’808
00288
ooeLe
00008
oowse

oocie
ao'eaL
oo'oR

00'8rL
00TeL
0091L
0000
Q088
00900
00730
00'9E9
00’09
0008
00'@es

00'ess
ooars
00805
0025y
oosLy

I81a

il
¢« 21
LEL)
- 13
et
i
>4
Xl
i
az'il
€l
(113
191
131
011
et
90’1
041
01
'Ll
1> 1 3
SOt
ol
01l
(o 1]
Yo'l
8501
o'
D
a0l
8501
SO
a0l
a0t
1 421
il
al'it
L'
L
o't
SOt
0t
@801
9801
o't
9801

0ovel i
ooaLtl
00291
ooerii
QoaEr
aoriie
00’9804
002901
009601
00'0S01
anveos
Q08I0
00’200

oo'aLe

i
- 41}
wh
el
o«
X
TH
(o1
i
8’
14 317
Y 217
Wi
13 1
SOl
aUii
S0'is
S0t
o0t}
- 4 1
oLl
PO'is
'l
1 1
S04}
e0'bl
e80!
g
Wil
801
es0l
SOt
o't}
L 21
Si'it
T
e
LViL
4vh
il

SO'H -

15081
9801
Ss0l
0ot
980}

‘A3

o
OBl
00001}
coYril
00l
00Z4i
00980}

ooTss

o 0271}

00wrL

Qoole

ooy

wil
&'t
14 1
41}
- 4 1
e
>4 1]
o 4 1)
il
6Lt
ob'it
t4 3 1)
1313
oLl
ol
- 1)
90’4}
01
SO
oo
I
SOt
(1
0t
2011
il
a0}
o'k
a0t
9801

011

o

@'t
-1 31
i
1311
Skl
-1 31
SOl
yO'iLl
1) 1
1801
S804
e80!
Ss0

1] .11
ovrii
o0} ~11)
0oTrii
009zt
oootil
Go'veDs
Q0'&L0l
00’2901
oowol
00'0004
00¥Ii0L

wil
41}
-
41
i
(413
wil
41}
<
8t
oVt
LAY
i
otii
il
it
01
Wi
o't
-+ 411
Yol
- i 1)
SOt
(- 13
- J 1
044
Qo'
4o 4 3
ais
8801
o'l
SO
'Ll
it
rigy
Iz
8Vil
o'l
St
o 1
it
> f 1]
4601
9601
e80!
9801

00'e8l i
oozl
ooesti
Qooril
oovZil
Q0's0t 1
002801
Qo'eL0t

9ls

> 41
el
®xi
w$en
S
e
wil
i
> 411
il
Wi
T
Wil
a0l
il
13
01
041
il
- J 1
Yo'l
0t
S04
80’4}
011
01
QD'
D
Qo'
9801
i
wi
il
Wb
LX)
i
il
ol
4]

o

a4
L 1
1]
9501
e80!
S804

oMl il
ooOLll GEL
0oroll STl
QOSEls LELL
ooZZLL YL
Q00 X1
00080 )i
QoPL0l LT
00'eS0l €Z'ht
D0t L1
009201 Ii'LL
0oOolob L'l
oores Zi'il
0088 L0114
008 'l
oe ©0'il
00008 1041
oovis 104}
00988 €Ul
0oZee €0t
00908 #0'4i
00098 041
ooee w0ll
00QI8 G0l
00208 9041
00eL 00'M
oooLL 00t
oovaL Wil
ooecL 00'bt
ooZL 9801
oo 2041
0oUss 0oLl
v il
e Zil
aDe sl
WD ol
oI 61l
s L1
. 1 91}

01}

24

OURE Q0’11
ooviS 601
oy 101t
ooZory 6801
009%F <80l
Ia ‘A®13

o) 113
oo'eat)
00ZSH
0osCi
oooet
Q0Y0il
00’980}
Q004
00’9304
000l

0oy20l .

00'9004

oows
000se

00'szs
aozis
00'vee

00'Zes
00910

oL
oozsL

00880
ooue

00] ]
00’808
000BS
00'rs
00'ees
00TIS
00'0sr
00vor

Is1a

N



0801
1801
80!
ss0L
1601
os0!
»eol
80}
1808
990!

0l
3

0
801
180}
€801
aLol
o
990}
990!
ol
€80}
1> J1]
o0t
Ss0l
oLt
] 3 1
T
41
X
SE'V
@il
o'l
- A1
. 41
il
€S
"l
)1
ol
41
il
- 1
ol
ol
Wit

‘ARl

'

8l
009001
0o0es!
00vee!
oo'vel
ooZest
co9iel
00’0081
ooveLl
oo’
oLl
009EL}
oooTL
oovoLl
009801
o0oTel
00901
0ol
00Yel
00’00t
oooeat
oUeLst
0ooesi
oomsi
00'SSi
aoTis)
). 4
oo'oari
aoyeri
oo'eri
oozeri
oo'oirl
co'oori
Q0
oo'eect
ooy~ ]
[ of- -4
s )4~
0.0} 40
0091
oouel
009sZ)
ocoorZi
ooyZZl
0090zt

0801
1801
0801
»801
1801
o501
80
1801
9801
S0

ze0L
woL
9901
8904
ol
aLol
90}
990}
a0l

»801
o501
o801
1601
oLt
>4 1
@i
A1)
> 41
- 4 1
Wil
il
i g1
. 41
wil
Wil
=i
-~ 11
-~ 413
- 41
@il
ot
Wil
oSt
ot

‘A3

oosesl
oooisi
008!
Q'aLet
Q0981
oo'vel
000set
0ovist
ooeali
oozeLt
0090l
ao'osLt
00veLl)
coouLl
oLl
000801
oouLet
00rR!
00’9l
0Tl
009091
000851
oo} /118
00'8ssi
DS
oo'eest
0o0ist
ooreri
ooyl
vl
o o] (4]
00oErL
aorirl
00’68t
00ZeE|
00'%eE
ooases
ooveel
oo'elet

009!
ooz
(03] (>4
00'8EZL
oozl
00’90zt

os ol

aovosl
00'a08}
00208t
ooaLel
00'0s6t
el
009281
[ ox 41
ooeaLl
oooRLl
0oLl
oowLl
ooZeLl
0o9iLl
ooonLi
00ve0!
000!
00Zsel
009e9}
0o'azet
00v00t
00'9R91
00'ush
000551
oo'orst
aovesi
00'e0s!t
ooor
oor
oo'oerl
0 1) (4]
ooyl
0oozivi
oo} 24
oo'oset
ooveet
o 1] 3
00ZE}
oo9iel
0Qo0oEl
ooveel
009!
aoszh
ooeezt
e oo 244
000z

.0

oLl
oSt
i

‘A3

)



> 41
- 417
. S

C K

S
el
>4
el
SEH
Sl
.41}
41
oE'tl
o1t
<A1
i
3
St'it
L'
okt
Sh'il
it
-]
o'
'Ll
il
Qo'
|0t
ool
Se01
»801
0801
a0l
o801
8ol
&30

(]}
o901
41801
9901
1901
1804

-A®§3

00'QIEZ

00081z
ooviiz
00'esiT

ooeZiz
0oLz
Qovee
00U
002002
QU'sPOT
00'ce0T
0ovioz
Oo'essl
Q0'Z881
00’9081
000581

il
Wil
el
1 8 1
Sl
1> 4 1
>4 1)
-1
141
SEll
(>4 13
il
I
[« 1
it
ol
T
Skt
L
okt
Sl
ri'il
St
01
't
D
880!
0l
e80!
S0t
»90!
0801
€80l
o501
B0L
6801
4801
6801
o801
1001
a0l
9801
8801
9804
L8901
2901

‘A®i3

00’298
0098
oo'ozeT
00082
o0'eesT

00'995C
oSz

00'00sT
0o'ZeT
00'9¥2
000erT

0osZ
00TINe
00'98ET
00’082
00'¥962
00'Wwez

009I€T
00'00eZ
00'vezT
0099z
1]~
[of >4
oooeze
e 0} 024
009812
oozLiT
009SiZ
oo'oriZ
ooveie
008012
00'Z80C
oo
Q0080
00'PraC
008202
aociz
009881
000684
0098}
ao'erel

1> 213
orii
sE'i
- 41
> 4 1
> >4 11
1
il
il
- 4 11
(o413
a'il
€1
A1)
1> A 1
st
tA N 1
o't
1 N 1
St
St
Stit
141"
901}
o'l
2'H
es0}
»6801
S0l
Sa'ot
K90l
1801
30!
80}
/01
90!
890!
90l
|0l
L9014

e80!
1801
Se0l
9801
880!

ooz

00'aLIz
00¥SIZ
1) 24
s 12744
00901z
000802
o o] /1e 4
00’8802
Q00T
804~ °4
oooMe
oovesi
oo'eLsl
002881
00'sr8t

- AL
«i
i 41
- >4 1]
SE'l
>4 1
> 413
wil
- 4 1
- 4 1

0Nt

el
I
xi
i
vl
tA 411
LV
o4
St
Stil
oLl
1431
SOl
DO
Wil
a0}
e80!}
W0l
K0
|04
1801
o801
o801
o504
90!
9801
S04
0l
2901
®|0!
80l
L1901
N0
1801
Lo J]

‘A3

- AL
&«
ol
i
1
<
el
it
et
wil
ot
el
IS
®1
oLl
€l
Y
iy i
o'kl
oLLl
pL
Shi
Zhi
o
0
o'
880}

800
9801
0
|0l

201
x0
w0

1801
630}
880}
901
Y0
ou0t
L -[1 ]}

‘A3

> 411
413
- 41
- 4 1
- 4 1)
1> 4 1
<t
wit
- 413
41
&'l
(.-411
411
&2
4 1
el'il
yi'Ll
AN
oLl
ol
vl
Sii
13
it
801
i
1601
2801
990}

e80!
080t
o0l
=0
B0

r 180!

W0l
w0l
0!
%0l
880!
e80!
4901
KoL
9801
e80!

A3

il 0098
L1 000KeT
it 00raR
el 0060
wit oo
€'l 008IST
S 0009SZ
Sl 00MSZ
S'il 008
Wi ook
&'ll 008
oE'it 000
oc'it  COverZ
T oM
Si'lt oz
T OO9We
ri'tl COOOVZ
LV 00z
o'l OD'eeEZ
Si'il  002seT
Fi'tl  00'9eeZ
o1'il OO0z
[T o) 0o >4
&l ooeRT
Ol 0UZ
00'it  O009seT
980l 00T
80l 00X
960F 00S0Z
»90I 00TBIC
0801 00BLIZ
J/OL 00OWIZ
S80I 00wz
o0l 0wz
080t 00TiiT
4801 00980C
6901 Q00eZ
&0l CoYeOe
90l 00OT
990l 00ZeZ
080F CO09LOC
6901 Q0000
90L 00vesl
9801 0098
4901 007S8i
&90F 00'9e8I
‘A%3 1810

e >



Dist. Elev.

,_,,—_,_--_,-----_,-,_-—,,_-_,--,-g--;;-,__,-,
DR SRR R R e e et e e s et et et el at et el s a alhathatha

'..-q-.-—q-—p—'-'-'-.-.-p'-—p'-'-'-.-.-—.—q—.—.—p.—-——q——.—.——.—.—.—.—.—.—.—.—.—
PO VS S R T T PR PR NS YR P T P D Y P R T R YR R PR T YR P T PR R O Y P T YR T TR PR T O TR PR YT

888 8888888888 8888
aazﬁangaaaaaézggsga- 3

v---o-c-v-c-'-v-c-c-i-'-v-'-—v—'—'-v-'-'-'--Q-v-v-v-v-v-v-v-v-v-c--v-v-v-!-.-—-v-—v—
- O Y Y T T Y En R R G Y Y YR PR P YR G S R YR YR T T T P PR PR TR TR T TR T PR T R T YR S e e e

,-f,._, 8 8888888 888888888888%888§ 888888
THEL %Ezaaaaaaiéﬁagaasaaagggggaagaaﬁaaaasas
188G

c-v—v-v—q-v-v-'-—wo—w-t-wv——v-v—v-v—.-—w'-——wv-'-—'-'-v- - e e
P S R R ok =k o o ok e e ot e ettt ettt st et ai ot et atb et aibath i b adh o adh o o

TEHEEH BT HHHE T

-'-‘-——'-'-.-q-.-'-’.-q-——'-.-wpp——.—.—p--—pq—pp‘-‘--——p.——.-q-.-.-.-—
S Y P P Y G YR YR YR YR P PP P TS PO YD R P g P R PR U O TR TR YR 0 TS IR P PO R Y T 0 TR YR PR T O O PR e

888 88 ga888 888 8888
....... 8888888848 ag gagagganaaas ae

zg'i R T R e

'-.-‘-q-q-.-'—"-‘-.-—.-.-'-'-.-q-.-'.p.-.-,-'-q-'-q-_q——-—,-—.—.—-'.—.—.—'—'—w'—
S Y T S PR Y G S G D P S PR G YR TR R YT P TR R TR T PR TR PR PR PR TR O PR P R PO R TR TR Y e PR e

SR H P R

CeNNGARIIRBLALSBNRE55IRRRRUARIGINNRARIIIBLIIS

v Y Y Y YT Yh ORGP e P YS P PGB P YR U Y Y YT G YT T U= T Y YR Y T PR N PR O YR WS YR PR R Y PR P e e e e
AR ek ooy R R R RS IR R R R R R o ol o o o o o o

R RIMRRRR RT iEdRR e
G325883

.-‘-q-.-.-q-—.-.-'-pq-'-q-‘-q—p.-'-p"-q-q—p-—ppp—v——-—-'—'—'—'—q—’—q—q—'—
G P TS Y TS Y YN P e PN P PP PP PE P P Y P gD G G G ¢S G0 D P PR T PP O T R R U e 0 O O O PR R TR P W e

2700
2716
2732
2748
2764.00
2780.00
2788.00
281200
2628.00
2844.00
2660.00
2876.00
260200

17"




1011
10l
1>ex4
el
VA x4}
14X
801
90TH
ool
- 11
21
/- 214
o'l
W'l
Wil

o -

g1
20
8024

e

01z}
ciz)
oi'zh
e0Z1
807}
0!
102}
o8t
.41

‘A%l

61
oz
SoTH
oz
LTt
€T
20T}
07T
¢ 1 X4
21
SBil
i
- 213
oot
il
84
st
QT8
e0Tl
(1544
(1%4%
cITh
(14
0T}
07T
€0V
esil
Bl
Bl

‘A®f3

00’80
00'zs8e
0o'9ese
00'0ZsE
0008
oo'eRLe
oozLLe
00'95LE
oo'opLE
oovie
oo'80LE
00'Z80E
00'9L9€
00088
0oee
0D'9zee
00'Zige
Q0'98sE
00'08sE
00vese
00'erseE
00'Zese
oo9ise
00'00Se
00ere
00'eove
Zare
Qo'eEve
ooove

I%a

)1
oci
904
1x4*
9T
14X4
90T
PTH
o8l
611
S
184
-3
i J 1
- 114
(¢ N1
ol
424
S0l
ozl
(> 4]
€1
or'es
e}
107}
0T
" 1
il
o6l

A%(3

ol

| "SOUT (801 $} OTRAD(9 IGL, [ SR I PotIaLICO Booq seY pue soird [esrgdesBod.) € parprenco
SUSTQL “199J 0ZOT M SIYNI £6°01 JO UHONEAIP we SHYuSp! 611-¥) Hodoy (VSVYN) Uonensmnupy soeds pue sonneuosay [euoneN L,

oo'giee

sl
007}
10Tt
071
t4x44
oLt
> X4
807}
»0T)
estl
g1
sl
il
181
411
- 21
o8l
il
207TI
ot

cIT
1424
a0z
907T)
0T}
SoTI
o8l
-1 1
/- 233

‘A3

Q0'osst
Q0yest
o0'ee
ooze
0412 ]
00'008¢
ooyaLe
00'eRLE
ooaLe
QUeELe
ocouzLe
oovoLe
00'988C
00ZLee
00'9S8¢
00Oree
covYZee
00800
00’288
ooese
00'0eSE
covree
00'eTse
ooTise
coeare
00’08t
00Yore
oo
ooTere
00'9ive

810

il
00T}
T
071
15 x4}
Stz
14x4}
9071
e}
sl
Ssil
il
i
- 213
wi
Wil
ogil
14-114
T
124
80T
- X4
1134

2071
L0
S0TH
il
o8l
1

ooee
00796

gD'oeee
0oviee
00'98LE
00'78LE

00veLC
ooelLe
e

aoysee
00'859E
ooZee

00'0ase
Qovise
00'9SsE
cooree

000IsE
covrert
oo'aLre
oo'Zore
0 0] (2>

aovive

o8t
10T}
10T
0TI
1 4X4)
sSiZi
1[4
9071
QT
00z}
11
il
os'ii
Se'l)
-~ 11
1414
o5t
(1 3
»0TL
e
07T
1434
e
0Tl
80i
90T}
0T
3 3
98t
1%

oo ool
00086E 0TI

o0O'ReE @07l
0oTise Si'TH
Qoe8LE PITI
oo0oE 01T
oovele 9071
oowie T
oTnIe Tl
ooole 9Bl
ooonue ©5Li

009eeE Lu'i1
ooozee 0S5t
oov0eC o5l
oo'gese SOTH

oo #1el

o o -

coeose 90T
e 0T
oot 0T
ocoosre 021

cosme o8l
00zZive 68t}

(2 0) 71 >

:

(s 0X- o >
oo'9ZeE
000i8e
oovele
oouE

;

oogwLE
00'0eLe
oovie
00’988

HH T

oooive

R L)

Wil

oo

27l oK
07 00OME
®7ZI 00WEE
41T 00'908E
vzt coTME
@I 009US
szl  OUONS
0ZL  COWE
eIl 0OWiE
Ss1l  00ZHE
2515 0098OC
o4l 0DOME
STl 00MeeC
STl 0O
Wil 0OZNE
1L 009IeC
0ZL  CO0NE
90T COVESC
TITI  COWSE
071 002K
SIZh  OO%SE
oIzl OOGZSE
Wzl  OOMSE
40271 Q0o
»ZTL 00U
@071 009t
981l 0T
il 00OYDE
6g'il 00'sOre
‘A3 1810

>



L

-
k4
—
il zhib TN ﬂ
01} il 965}
T} vitl ¥est
N JANY} )
TN ()] [>]]
Tu) UGHRASE3 DOUIDON Tu) Uopener3 SUBio L]

S1°?°'6 NOLLVOLIIDAJS ‘PI XANNV OVII H3d

SNOLLVOLIIAON NN TXITAAS U8ZAS

(& gt A\ A

5





